Introduction
The pancreatic islets are mainly constituted of 5 cell types:, a, b, d, F and e that produce and secrete glucagon, insulin, somatostatin, pancreatic polypeptide and ghrelin, respectively. 1, 2, 3 The b-cells percent changes across species. In humans is about 50-60% while in rodents reaches 80%, 4 therefore, alterations of b-cells directly affect the islet area. Mechanisms such as b-cell neogenesis (differentiation from precursor cells), b-cell proliferation and transdiferentiation, and b-cell hypertrophy are responsible for b-cell mass increase; 5, 6, 7, 8, 9 while, b-cell reduction is determined by apoptosis and b-cell atrophy. 5, 7 Studies in obese or diabetic rodent models have shown that exercise counter-regulates the IRS2-PI3K-pAkt growth pathway attenuated in Langerhans islet resulting in a bigger b cell area, major b cell proliferation rate and lower apoptosis. 10, 11, 12 On the other hand, in healthy state, the endurance training enhances the growth pathway in pancreas islet, with a higher phosphorylation levels for Akt, AS160, and mTOR, compared with the sedentary condition. 13 The last result, reduces the proapoptotic marker (BAX protein) and increases the anti-apoptotic markers (Bcl-2). 13 It is known that neurotrophins such as nerve growth factor (NGF), and brain derived neurotrophic factor (BDNF) affect the pancreas physiology. 14, 15 Moreover, recent studies showed that chronic exercise (endurance) increases BDNF expression in peripheral tissue and plasma. 16, 17 Considering these studies, we evaluated indirectly the role of BDNF receptor on the morphometry of Langerhans islets changes after moderate and high intensity chronic exercise.
Results

b-cell size
We found effect of the chronic exercise on the b-cell size (F (2, 576) D8.908; P < 0.0001). The values for C and MIT were 197.9 § 20.7 mm 2 and 235.9 § 15.18 mm 2 , respectively (Fig. 1) . The high intensity training also increased the b cells size. The b cells area for HIT was 243.1 § 18.5 mm 2 ( Ã p < 0.05 MIT and HIT vs. C Fig. 1 ). The treatment with K252a did not showed effect (F (1, 576) D 0.09; p D 0.762). In the groups treated with K252a, the chronic exercise increased the b cells size. The values for C and MIT were 165.1 § 19.5 mm 2 and 261.8 § 13.1 mm 2 ( ÃÃ p < 0.01 vs CCK252a, Fig. 1 ). In the HIT C K252a group, the b cells size was 263.4 § 18.6 mm 2 ( ÃÃ p < 0.05 vs.
C C K252a Fig. 1 ). All these results indicate that chronic physical exercise increase the b-cells size. Furthermore, the exercise intensity did not affect the b cells size. In the same sense, the TrkB blockade seems not affect the b cells hypertrophy mechanism induced by the chronic physical exercise.
b-cell density in the pancreatic islets
The number of insulin-positive cells per islet was modified by the exercise training intensity (F (2, 576) D 13.76; p < 0.0001). The moderate intensity training showed a strong tendency to modify the b cells number per islet when compared to the control group (p D 0.08 MIT vs C-K252a). Fig. 2 ). The previous data indicate that the high intensity training reduces the amount of b-cells per islet when compared to the control and moderate intensity groups. The data also show that the treatment with K252a during 2 weeks not modified the effect induced by the high intensity training.
Percentage of b-cells per islet
We found effect of the exercise training intensity on the percentage of b-cells per islet (F (2,576) D 4.72; Figure 1 . Effects of chronic exercise intensity on b-cell size, under unblocked BDNF receptors conditions (¡K252a) and under blocked BDNF receptor conditions (CK252a) in healthy state. The chronic training exercise induced b-cell hypertrophy with respect to C group. The K252a administration has not impact on exercise effects to increase the b-cell size. Fig. 3 ). In the protocol treated with K252a, the b cell percentage per islet for C was 67.2 § 2.2%, this percentage was statistically different to C group without K252a treatment (80.2 § 1.7%, p D 0.006, Fig. 3 ). For MIT C K252a, the b-cell percentage per islet was 74.1 § 0.9%.The trained animals under high intensity protocol plus K252 treatment, showed 68.1 § 2.8% b cells per islet (p D 0.02 vs C-K252a, Fig. 3 ). The data above described indicate that the high intensity training affect negatively the b cells density in healthy conditions, besides, the K252a treatment did not reverse this effect. On the other hand, in sedentary conditions, the blockade of the BDNF receptor reduced the percentage of b-cell per islet; in contrast, the treatment with K252a did not modify the percentage of b-cell per islet in the moderate intensity training group when compared to the MIT without K252a.
Number of islets per section
The exercise training intensity has not effect on the number of islets (F (2, 39) D 1.41; p D 0.26, Fig. 4 ). In the trained groups without K252a treatment, the number of islet was 1.01 § 0.012, 3.05 § 1.5 and 1.36 § 0.18 for C, MIT, and HIT groups, respectively. The treatment with K252a did not show effect (F (2, 36) D 2.62; p D 0.12), the number of islets were 5.65 § 4.62, 2.09 § 0.33, and 1.27 § 0.28 in C, MIT and HIT groups respectively. These results indicate that both the training intensity and the K252a treatment have not any effect on the islet density at least in healthy state (Fig. 4) .
Total insulin area and neogenesis
Immuno-histochemical staining of insulin in representative pancreas sections (see methods for detail) is shown in Fig. 5A . These micrographs revealed pancreatic islet and b-cells clusters near the islets. The images also show a reduced immuno-reactivity in HIT group, due to a decrease of the insulin content in the b-cell ( treated with TrkB inhibitor, the total insulin area for C, MIT and HIT was 0.98 § 0.38%, 1.11 § 0.32% and 0.75 § 0.9% respectively (Fig. 5B) .
To better understand the contribution of b-cells changes, the percentage represented by b-cells clusters was determined and compared with the total insulin area. Fig. 6B ). All these data indicated that moderate or high intensity exercise did not affect the total insulin area, and did not activate neogenesis in healthy rats. However, the blockade of BDNF receptor seems increases the total insulin area, but not affects the neogenesis or the cluster b cells synthesis, at least in healthy state.
Discussion
We studied the effect of chronic physical exercise intensity on the b-cell size. Moderate and high intensity trained rats (MIT and HIT groups) were compared to sedentary rats (C group). The chronic exercise increased significantly the b-cell size with respect to sedentary conditions. The last data are different to previous works. 12, 13 In these works, the exercise intensity was lower than the present work. The different data underline the role of the intensity (running speed) to induce changes in the b cells size in healthy conditions, in other words, the data suggest that is necessary a intensity threshold to modify the b cells size at least in healthy conditions.
Particularly for MIT group, the increase in the b cell size could be consequence of increase in the insulin content or other growth factors signaling on the b cells, the last effect could induce to Akt activation inside the b cell.
14 In rats, this kinase regulates positively the b cell size, 15 therefore, is possible that in MIT, the pAkt levels are higher with respect to C, this conditions could result in a bigger b cells size (Fig. 1) . With respect to HIT we have previously reported that high intensity training had negative effect on the insulin content inside the islet, 16 therefore the increase in b cell size in HIT could be result of an adaptation mechanism to lower insulin content inside the islet. Previous works showed in healthy rats that the heavy exercise (anaerobic exercise) increases the insulin secretion, 17, 18 this effect is contrary to moderate exercise effects on the pancreatic islet. 17 Regarding that the intensity for HIT is close to the anaerobic exercise, is possible that the insulin secretion was higher in HIT compared to the MIT and C, this secretion rate can overcome the insulin synthesis, this condition actives the b cells hypertrophy as adaptation mechanism (Fig. 2) . 10, 11, 12, 15 Furthermore, we cannot discard the glucocorticoid effect on the b cells for HIT. The rise in glucocorticoid concentration depends on exercise intensity in rodents, 19, 20, 21, 22 it activates signaling and b-cells hypertrophy. 13 Besides, the activation of glucocorticoid receptor reduces insulin expression. 23 Regarding these reports, we consider that the glucocorticoid effects could be present in HIT group and explain partially the increase in b cells size (Fig. 1) . In the present study, the blockade of BDNF receptor did not have any effect on the b-cells size in sedentary condition or after chronic exercise in healthy rats (Fig. 1) . The last result is probably due to the islet mass regulation through nutrients and hormones; 3 that might be also the responsible of BDNF lower action on b-cell growth, during sedentary conditions and during physical exercise.
The trained groups to moderate intensity showed a strong tendency to increase the number of b-cells in the pancreatic islet in comparison with sedentary rats (C group) (Fig. 2) . Previous works have reported that the moderate chronic exercise increases the b-cell proliferation rate in healthy rats. 11, 13 In these studies the Akt activation and IRS2 induction were the principal signals that triggered the b cell proliferation mechanism. Therefore, we think that pAkt and IRS2 levels could be higher in MIT group than C group, and this effect could increases the b-cells number per islet after moderate exercise training (Fig. 2) . In contrast, HIT group had lower b cells number per islet when compared to the C and MIT groups (Fig. 2) . These results are agreement with previous reports that indicated that the high intensity exercise had lower effects to protect b-cells when was compared to moderate intensity exercise group, although our model (healthy rats) is different to the Coskun's and Howarth's studies (diabetic rats). 24, 25 It is probable that high intensity exercise regulates different mechanisms in each model to controlling of the amount of b-cell per pancreatic islet. In this sense has been indicated in humans that the moderate exercise has major efficiency to improve the b cells function when compared to the high intensity exercise. 26 Regarding to the effect of BDNF receptor on the b cells number, the current work showed that the K252a treatment did not modify the number of b cells per islet in sedentary conditions, furthermore, the inhibitor did not changes the effects induced by the chronic exercise (moderate or high intensity training) (Fig. 2) .
Due to the changes found in the b cells number per islet after the moderate and high intensity training, we determined the b cells percentage in the islet to evaluate if the changes in the b cells number per islet are consequence of an increment in the b cells density. The b cells percentage was not different between C and MIT groups; this result is agreement with previous report in healthy rats. 27 The scarce effect on the b cells percentage after moderate exercise (Fig. 3) , indicate that the higher b cells number per islet for MIT (Fig. 2) is consequence of an increase in the total cells number, and is not exclusive of b-cells. On the other hand, the b cells percentage was lower in HIT when compared to the C and MIT, with respect to this, has been indicated that the chronic exercise did not modify the a cells density in pancreatic islet.
27,28 Therefore, we consider that the decrease in b cells percentage to HIT is a direct negative effect of the training intensity (soluble molecule released by the skeletal muscle during the contraction) or other molecule increased during the high intensity on the b cells. Furthermore, previous authors reported that the high intensity training in rats increases the epinephrine levels in the plasma, 29 Although, at the moment, only has been reported the negative effect of the epinephrine on the b cell function, 30, 31 we not discard the negative epinephrine effect on the b cell survival, thus the epinephrine could modify the b cells percentage after the high intensity training (Fig. 3) .
Interestingly, the blockade of BDNF receptor significantly reduced the b-cell percentage per islet in sedentary condition (Fig. 3) . NGF and betatrophin participation on b-cell mass were reported in rodents. 32, 33 The results obtained in the C C K252a group (Fig. 3) suggest that probably BDNF could have similar effects to NGF and betatrophin at least in sedentary condition. The present study also showed that chronic physical exercise did not change the Langerhans islets number per mm 2 , and BDNF receptor did not have any effect on the Langerhans islets per area (Fig. 4) . In contrast with a previous report, 12 chronic exercise did not alter total insulin area in the pancreas tissue when compared to sedentary condition in healthy state (Fig. 5B) . It is important to note that training intensity in the mentioned reports was lower than in ours, although its exercise protocol was longer (12 weeks). It seems that training variables, such as intensity and duration, could influence total insulin area in a healthy state. Interestingly, the K252a treatment showed a stronger tendency to increase the total insulin area (Fig. 5B) , because the cluster b cells were not different between all the experimental groups (see Fig. 6 ), the effect of the K252a treatment is only on the Langerhans islet although the concrete mechanism it is not known.
In the present study, the training protocol did not change b-cells clusters (neogenesis) (Fig. 6) . One of the main factors for the activation of neogenesis is an increased insulin demand or a hyperglycemic state. 6, 15 Although it is known that neogenesis occurs in adult rats, 34 the main source to maintain b-cell mass is the b-cell self-replication. 35 Considering these results, we postulate that under our experimental conditions, the neogenesis is not relevant to maintain total pancreatic insulin area.
In conclusion, our data showed that exercise intensity is important to regulate the b cells size in healthy state. In the same sense, the results indicated that the high intensity training has negative effects on the pancreatic islet with respect to moderate intensity. One of the major negative effects of the high intensity training is the reduction in b cells percentage per pancreatic islet, this effect was not reversed with the BDNF receptor blockade. On the other hand, the TrkB blockade in sedentary conditions reduced the b cells percentage per islet. Therefore the present work indicates that in sedentary conditions, the BDNF receptor participates in the b-cells regulation in healthy state. The signaling mechanism of BDNF receptor on b-cells regulation is still poorly understood and discussed. 3, 36 Further studies are needed to improve the knowledge about the action of BDNF receptor on b cells function. Finally, previous reports have indicated that the BDNF participates in the functional regulation of the liver, 37 and skeletal muscle. 38 The present work indicates that besides to liver and skeletal muscle, the BDNF also regulates the Langerhans islet morphometry. This study enhances the role that plays BDNF in the systemic glucose homeostasis, independently of their actions as neurotrophic factor in the brain.
Materials and methods
Ethics statement
The experiments of this study were approved by the Bioethics and Biosecurity Committee of the University of Colima (No. 2012-05).
Animals and treatments
Male Wistar Rats 7-week-old (weighing 200-250 g) were used. They were individually housed in polyethylene cages in an environmentally controlled room (22 C-24 C) with a 12-h light/dark cycle. The rats were provided with food (Teklad Global Diet: protein/ fat/fiber, 18.0%/5.0%/5.0%) and water ad libitum. The rats were randomly distributed into the following groups: Control (C) (n D 6), Moderate Intensity Training (MIT) (n D 6) and High Intensity Training (HIT) (n D 4) without TrkB inhibitor K252a treatment (¡K252a), and similar groups C (n D 4), MIT (n D 4) and HIT (n D 5) as before indicated plus treated with K252a (CK252a). In both protocols, the C group, included control rats that were kept sedentary and could freely move in their cages throughout the experiment. The groups CK252a received K252a intraperitoneal (ip) injections during the seventh and eighth week at 50 mg/kg body weight (Sigma Aldrich Mexico) diluted in a final concentration of 25% DMSO, 1.5 mL total volume ip injections. 39 The groups assigned to ¡K252a protocol only receive vehicle-saline intraperitoneal (ip) 1.5 mL total volume. The inhibitor or saline administration was done during the seventh and eighth week of the experimental period. All the groups received a vehicle-saline or K252a ip injections (as mentioned above) after finished each training session.
Training schedule
The rats were exercised with a protocol designed based on protocols previously applied by other authors. 40, 41, 42, 43, 44, 45 Briefly, before the exercise program, all animals underwent a preconditioning running regime for a week, that consisted of 30 min of daily running at a speed of 15 m/min on a rat treadmill (Modular Treadmill Simplex, Mod. 42528; Columbus Instruments, Columbus, Ohio). An electrified grid (0.6 mA intensity) was placed behind the belt of the treadmill to induce running. The rats that failed to run regularly were excluded from the training protocol. The exercise program involved 3 sessions per week for an 8-week period. Every training session began with warm-up period (10 minutes 18 m/min); after which the speed was progressively increased in for steps (Each step increased the velocity approximately 1 m/min (MIT) or 2 m/min (HIT) every 2.5 minutes); continue with training zone (30 minutes, 22 m/min (MIT) or 28 m/min (HIT)); and, the sessions ended with a 10-min cool-down period (18 m/min). Under these conditions, the training ensured 60%-80% VO 2 max. The entire experiment was completed in 8 weeks. The trained rats ran at a constant inclination angle of 25 because changes in this parameter would significantly affect the VO 2 max. 39 However, during the warm up and recuperation period the belt inclination was 0 . All exercise sessions were carried out between 9 AM and 12 PM.
Pancreatic sections
Four to 5 d after the last training session, under ad libitum state, all the rats were profoundly anesthetized with sodium pentobarbital (4.0 mg/100 g body weight) ip injections. The surgical procedure was performed to obtain a pancreatic tissue sample from duodenal region. The pancreas was processed as previously reported. 16, 25 Briefly, the pancreas was carefully dissected from adherent fat and connective tissue, and was fixed overnight in a freshly prepared 10% buffered formaldehyde solution. The tissue samples were ethanol-dehydrated and embedded in paraffin wax. The tissues were sectioned at 5 mm on a rotatory microtome and deparaffinized at 100 C for 20 min, transferred to xylene, ethanol-xylene, and absolute alcohol, and finally washed in distilled water for immunohistochemistry staining.
Immuno-histochemistry staining
Pancreas immuno-histochemistry was done as previously reported. 13, 46, 47 The endogenous peroxidases and proteins were blocked using a Background Blocker (BioSB 0105, Sta. Barbara, CA, USA) for 5 min, and rinsed for 2 min in TBS before a 45-min incubation with an anti-insulin antibody (100 mL of a 1:200 dilution of the mouse monoclonal antibody HB125; Biogenex, San Ramon, CA, USA). The sections were then washed with TBS for 2 min; peroxidase activity was induced for 10 min with 2 drops of a mouse/rabbit immune detector biotin link (Bio SB 0005, Sta. Barbara, CA, USA) after which the samples were rinsed in TBS for 2 min and incubated for 10 min with 2 drops of the mouse/rabbit immune detector HRPP LABEL (BioSB 0005). The brown colorimetric reaction was revealed with DAB and visualized under a microscope. The sections were subsequently washed and counterstained with hematoxylin for 30 sec, and mounted with Entellan (Merck, Darmstadt, Germany). The non-specific immunostaining was minimal when primary antiserum was omitted. Labeled pancreatic sections were chosen at random and analyzed using an Axiocam MRC-5 model digital camera (Carl Zeiss, Germany) attached to an AxioPlan 2M model bright-field optical microscope (Carl Zeiss) with a motorized stage and A-plan 206 objectives (total magnification, 400x, 200x, and 50x). Using the MosaiX and Autofocus modules, images of the entire sample surfaces were scanned and the islet areas were measured by outline spline. 
Islet morphometry
In a previous paper we reported that exercise affects the pancreatic islet area. 16 To explore if the changes in islet area were a consequence of b-cell proliferation, b-cell hypertrophy or both, islet morphometry analysis was done based on previously published procedures. 10, 11, 13 Three pancreatic sections were analyzed per rat, and in each of them 3 areas (anterior, medial and posterior) were studied. The area covered with insulin staining in each islet was first determined in mm 2 . The individual b-cell size was calculated as the insulin-positive area divided by the number of nuclei in the corresponding insulin positive-structures. 11, 48 A larger size of individual b-cell indicates the induction of b-cell hypertrophy. 13 The total b-cell number was obtained by counting the nuclei surrounded by cytoplasmic insulin immunostaining. 49, 50 The percentage of b-cell per islet was calculated as previously described, 51 the number of nuclei in insulin positive area, divided by the total nuclei in the entire islet was multiplied by 100. The neogenic areas were determined with a method previously described 10, 48 with some modifications. Small b-cell clusters were determined as the number of measurements in an arbitrarily set area of < 250 mm 2 , expressed as the percentage of the total insulin area. The percentage of insulin area per section was obtained by the quotient of the total insulin positive area/total area of the pancreas (duodenal region) multiplied by 100. 33, 50 A total of 579 islets for all the experimental groups. Besides, we determined the number of islet per section (per unit area of pancreas) with the methods reported by other authors. 27 
Statistics analysis
Results are expressed as the mean § standard error of mean (SEM) from the indicated numbers of experiments. All statistical analyses were performed using the statistical software package SPSS 17.0. The significance was assessed by the F value and 2 way of variances (ANOVA), followed by the Newman-Keuls pos hoc test comparison when was appropriated. Two way ANOVA was performed because we want compared 2 factors in the study (intensity training and TrkB inhibitor (K252a). Statistical significance was set at p < 0.05.
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